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ABSTRACT 

During the period October through December 1970, work was done 
in the following areas: (1) further development of a head-end process 
for removing stainless steel cladding in a zinc bath by study of decladding 
rates, fission gas behavior, and reduction of declad fuel oxide, (2) inves
tigation of a procedure for separating stainless steel cladding from fuel 
oxide by melting the cladding, (3) further laboratory-scale work to develop 
a fluid-bed process for the conversion of uranyl nitrate and plutonium 
nitrate in nitric acid solutions to an oxide form (UO2-PUO-) suitable for 
the fabrication of fuel shapes for LMFBR fuel, (4) additional development 
of X-ray fluorescence spectrometry as an in-line analytical method for 
determining the Pu/U ratio of oxide fuels during fabrication, and (5) con
tinued investigation of the performance characteristics of a centrifugal 
contactor for the plutonium isolation steps in the solvent extraction of 
LMFBR fuels. 

SUMMARY 

I. Liquid Metal Decladding of Reactor Fuel • 

Head-end processing of LMFBR fuel will include fuel-subassembly 
handling, removal of stainless steel cladding and subassembly hardware 
from the fuel, removal of iodine and other gases from the fuel, and feeding 
of fuel to a nitric acid dissolution step for subsequent aqueous processing. 
Early LMFBR fuel elements will consist of mixed uranium and plutonium oxides 
jacketed in stainless steel cladding. Two decladding procedures were being 
studied this quarter: 

1) Dissolution of stainless steel components by submerging most 
of the fuel subassembly in molten zinc at 800°C, separation of the zinc-
stainless steel solution from the unaffected oxide fuel, and chemical reduction 
of the uranium-plutonium oxide to metal by contacting it with a molten 
metal-salt system for subsequent feeding to an acid dissolution step. 

2) Melting the stainless steel cladding and draining It from the 
fuel (to be followed by feeding of the fuel oxide to a voloxidation or acid 
dissolution step). 



Engineering npyelopment of Zinc Decladding 

Zinc Decladdin^JClnetics. Additional analytical data from decladding 

ZIZ i ci;ddfn solution of about 10 wt %. In the presence of 
high con entratlcns of nickel, a nickel-bearing phase precxpitaes, and 

the solubilities of iron and chromium in the zinc decladding solutions 

apparently decrease. 

Gas-ReleaseExperlments. To evaluate potential problems when 
fission-product gas is released from fuel elements during zinc decladding, 
three experiments were performed in which the escape of about 25 cm of 
pressurized argon from simulated fuel elements Immersed in zinc or water 
was observed. In two of the experiments, gas was released from 1 or 2 
tubes in a bundle of 15 other simulated fuel elements fastened inside a 
2-ln.-ID steel shroud. The degree of splashing in this series of experi
ments was highly dependent on the rate of gas release. In production-
scale decladding, i t is expected that nearly al l splashing would be confined 
to the interior of the subassemblies, but i t is thought that even the most 
violent splashing could be readily deflected back into the zinc pool by 
means of properly designed heat shields above the zinc pool. 

Reduction of UO,̂  Pellets. It is proposed that zinc decladding be 
followed by a fuel reduction step to liberate and allow collection of the 
iodine and other fission-product gases and to convert the metallic uranium 
and plutonium to a liquid metal solution for ease in handling. Although a 
Mg-Cu-Ca/CaClT-CaF̂  reduction system developed for the Salt Transport 
Process would perform well, substitution of zinc for copper in the present 
application would be attractive, allowing subsequent removal of the solvent 
metals by evaporation. Two different Mg-Zn systems were tested: (1) Zn-30 
at. % Mg, evaluated for use when dissolution of both reduced plutonium and 
reduced uranium in the liquid alloy is required and (2) Mg-20 at . % Zn for 
dissolution of only reduced plutonium. Both alloys, with and without added 
calcium, are being evaluated for the reduction of sintered UO2 pel le ts . In 
two runs in which calcium was present, reduction by each Mg-Zn alloy was 
apparently satisfactory. In three reduction runs with Mg-20 a t . % Zn alloy 
and with calcium absent, reduction was not complete; a portion of unreduced 
UO2 covered by precipitated uranium was unavailable for reduction. Reduction 
with Zn-30 at. X Mg alloy in the absence of calcium has not yet been tested, 
but reduction runs are planned to evaluate that alloy and to confirm that 
good reductions can be obtained with the two Mg-Zn-Ca alloys. 

Process Demonstration Experiments 

Experimental apparatus has been assembled for zinc decladding 
experiments with 100 g of irradiated UO2-PUO fuel. Shakedown runs are 
nearly complete, and experiments in the shielded hot cell are to begin 



Melt Decladding 

A series of experiments has been started to investigate the sepa
ration of fuel oxide from stainless steel cladding by melting the cladding 
and draining it away from the fuel. The feasibility of the procedure 
depends on sufficient exposure of the oxide surface as a result of drainage 
of the steel so that in the following step the oxide can be completely 
separated from the steel by either acid dissolution or voloxidation. 

In five experiments, small bundles of clad UO2 pellets (and in the 
first two experiments UO2 pellet pieces) were heated above 1450°C. In one 
run, 1/16-in. holes in the bottom of the crucible allowed steel drainage; 
in the other runs the bundle was placed on the interior crucible wall at 
a 10° incline to allow the steel to flow to the bottom of the crucible 
when it became molten. Separation of steel and VOj was Incomplete, and 
wetting of the UO2 by the steel was evident; however, preliminary results 
Indicate that in each experiment the oxide was sufficiently declad so that 
it would be accessible to the acid. 

II. Continuous Conversion of U/Pu Nitrates to Oxides 

A continuous fluldlzed-bed process is under development for convert
ing uranyl nitrate-plutonlum nitrate solutions to an oxide form suitable for 
LMFBR fuel cycle applications. Denltratlon produces UO2-PUO2 and is 
followed by reduction with hydrogen to yield UO2-PUO., the required form for 
fuel manufacture. Also under consideration is the denltratlon of plutonium 
nitrate solutions alone. An integrated program of laboratory and engineering 
studies is in progress. 

Laboratory Program 

Laboratory work explored the preparation of U02-20% PuO- pellets and 
preliminary characterization of the pellets after sintering. The starting 
material was UOo-PuO powder prepared earlier in dropwise denltratlon experi
ments at 300°C, simulating the fluid-bed denltratlon step. Six-gram batches 
of powder were reduced with hydrogen in two boat experiments, one conducted 
at 500°C and the other at 550°C. In each experiment, the reduction time 
was 4 hr, and the hydrogen flow rate was 100-200 cm-^/mln. 

Five pellets were formed from this UO2-PUO2 powder. All pellets 
were final-pressed at 87,000 psi, but the preparation procedure for two 
pellets included prepressing at "^1500 psi, then granulating to pass through 
a 45-mesh screen. After pressing, sintering was at 1650 or 1750°C for 1 1/2 
or 4 hr. Pellet diameters were M).25 in., and pellet lengths were 0.1 to 
0.3 in. Pellet densities ranged from 83 to 89% of theoretical. 

Examination of pellets by several techniques resulted in the 
following observations. Electron mlcroprobe scanning of a section of a 
UO2-2O wt % PuO, pellet that had a density of 84% of theoretical showed 
good homogeneity. Chemical analysis of this pellet indicated an oxygen/ 
metal (O/M) atom ratio of 1.98. A single set of X-ray diffraction lines 
was found, indicating the presence of a single oxide phase. 



» , r , t , „ has been se t up for measuring the s o l u b i l i t y of uranium-
Apparatus ^^^/.^^"Ifl^.^/. „,i^d s o l u t i o n s . From t h i s in format ion , 

pX.tonlum n i t r a t e in ^ ^ ^ ^ ^ - . - ^ / ^ J p , „ , „ . . e s o l u t i o n s for feeds 
the prac t ica l l imi t s or c determined; high concen t r a t i ons a r e 
to the denl t ra t lon process wi he de ter ^^,^^^g^ ^^^^^ ^^^^ ^^^^ ^^^^^^^^^ 

aesired to maxim e h r o u g h p u t q ^ ^ P ^ ^ ^ ^ determined from cool ing curves 

in which " y ^ ^ ^ J ^ ^ ^ ^ i ^ ^ ^ ; J Results agree with published d a t a . These 
t : : t r : i n be " i L r e d " y experiments with uranium-plutonium s o l u t i o n s . 

Engineering Program 

The operab l l i ty of a f luid-bed d e n l t r a t l o n p i l o t p l a n t was p rev ious ly 
demonstrated in shakedown runs with uranyl n i t r a t e . These runs were done 
with he auxi l iary process vesse ls on hand, pending a c r i t i c a l i t y review 
for operation with plutonlum-contalnlng feeds . The p i l o t p l an t i s now 
being modified to meet c r i t i c a l i t y requirements for work with uranyl n i t r a t e -
plutonlum n i t r a t e so lu t ions . 

I l l , In-Llne Analysis in Fuel Fabr ica t ion 

X-ray fluorescence is being evaluated as a d i r e c t i n - l i n e a n a l y t i c a l 
method for determining plutonium/uranlum r a t i o in uranium-plutonium oxide , 
which is expected to be the fuel for the f i r s t commercial f a s t breeder 
reactor . I n i t i a l work i s with Th02-U02 as a s t a n d - i n for UO2-PUO2. The 
use of a newly designed sample holder was shown to decrease a n a l y s i s time 
and to Improve prec is ion . In other work, i t was observed t h a t f luorescence 
in tens i ty decreases for p a r t i c l e s of 44 pm or l a r g e r . I t has been concluded 
that th is nondestructive analys is can be performed r a p i d l y enough for l a r g e -
scale processing. 

XV. Adaptation of Centrifugal Contactors in LMFBR Fuel Process ing 

A centr i fugal contactor of small diameter and l a r g e l e n g t h - t o -
dlameter r a t i o i s being studied to extend c e n t r i f u g a l con tac to r design 
to a configuration su i t ab l e for plutonium i s o l a t i o n s t eps in the so lven t 
extraction of LMFBR fue l s . Fabr ica t ion of a s t a i n l e s s s t e e l con tac to r 
patterned af ter un i t s in use a t Savannah River i s near lng complet ion. In 
the Savannah River contactor , aqueous and organic streams a r e mixed by a 
paddle in a mixing chamber a t the bottom of the c o n t a c t o r . The mixer a l so 
acts as a centr i fugal pump, discharging the mixed phases i n t o the bottom 
of a hollow rotor bowl. 

Mixing in the contactor being f ab r i ca t ed here i s with a removable 
paddle and mixing chamber. However, t h i s con tac to r can be modified so t h a t 
the aqueous and organic streams are mixed as they move downward in the 
annular space between the spinning ro to r and the s t a t o r or c a s ing . The 
manner whereby the phases are separated following mixing i s i d e n t i c a l . The 
mixture enters an o r i f i c e in the bottom of the hollow r o t o r , and the 
phases are separated as they move upward i n s i d e the r o t o r . 

A p l a s t i c contactor was b u i l t for p re l iminary t e s t i n g to eva lua t e 
some of the operating c h a r a c t e r i s t i c s of the annular mixer des ign . These 
tes ts showed high mixing power input and good throughput capac i ty when a 
single liquid phase was fed. When the contac tor was operated with aqueous 



and organic phases, the aqueous phase outflow stream was observed to be 
contaminated with organic phase. A series of tests was made to establish 
the cause of this deficiency. Apparently, hairline cracks In the plastic 
weir tube for the organic phase permitted a small quantity of separated 
organic phase to flow into the aqueous phase outflow stream. Since most of 
the goals sought by operation of the plastic unit were reached, no further 
runs with the plastic contactor are planned. Additional testing of the 
annular mixing concept will be made with the stainless steel contactor. 
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I . LIOUID-METAL DECLADDING OF REACTOR FUELS 

(R. D. P i e r c e ) 

L i q u i d - m e t a l d e c l a d d i n g p r o c e s s e s u n d e r d e v e l o p m e n t a t A r g o n n e 
appear t o p r o v i d e r e l a t i v e l y s i m p l e and i n e x p e n s i v e t e c h n i q u e s f o r s o l v i n g 
fo rmidab le head-end p r o c e s s i n g p rob lems r e l a t e d t o t h e h i g h b u r n u p s , s h o r t 
c o o l i n g t i m e s , r e s i d u a l sodium, and h i g h p l u t o n i u m c o n t e n t of i r r a d i a t e d 
LMFBR f u e l s . 

E a r l y LMFBR f u e l e l e m e n t s w i l l c o n s i s t of mixed u r a n i u m and p l u t o n i u m 
ox ide s j a c k e t e d i n s t a i n l e s s s t e e l t u b e s . These f u e l s may b e I r r a d i a t e d 
to burnups up t o 100,000 MWd/ton a t s p e c i f i c powers a s h i g h a s 175 kW/kg 
and may be a l lowed t o decay f o r o n l y 30 d a y s . The l o c a l i z e d h e a t e m i s s i o n 
of LMFBR f u e l s i s v e r y h i g h , c r e a t i n g h e a t - d i s s i p a t i o n p r o b l e m s d u r i n g 
h a n d l i n g and p r o c e s s i n g o p e r a t i o n s . 

131 
High c o n c e n t r a t i o n s of r a d i o a c t i v e i o d i n e ( e s p e c i a l l y I ) , x e n o n , 

and k ryp ton i n s p e n t LMFBR f u e l w i l l p r e s e n t s e r i o u s p r o b l e m s i n h a n d l i n g 
and d i s p o s i n g of t h e w a s t e - g a s e f f l u e n t from r e p r o c e s s i n g o p e r a t i o n s . To 
avoid e x c e s s i v e e m i s s i o n s of h i g h l y r a d i o a c t i v e I s o t o p e s s u c h a s l - ^ l j ^o 
the env i ronment , head -end o p e r a t i o n s must be p e r f o r m e d I n a s e a l e d c e l l , 
and f i s s i o n g a s e s must be e f f i c i e n t l y c o n t a i n e d . I f p o s s i b l e , t h e 
v o l a t i l e e l emen t s shou ld be removed from t h e f u e l m a t e r i a l p r i o r t o t h e 
n i t r i c a c i d d i s s o l u t i o n s t e p of aqueous f u e l p r o c e s s i n g . 

If sodium i s p r e s e n t i n f a i l e d f u e l e l e m e n t s , i t t o o c o u l d p r e s e n t 
c l e a n i n g and f u e l - d i s s o l u t i o n p rob lems s i n c e sodium can r e a c t e x p l o s i v e l y 
wi th n i t r i c a c i d . In a d d i t i o n , t h e h i g h p l u t o n i u m c o n t e n t of LMFBR f u e l 
p r e s e n t s s e v e r e c r i t i c a l i t y p r o b l e m s . 

In one scheme f o r l i q u i d - m e t a l d e c l a d d i n g , c l a d d i n g i s removed by 
immersing a l l of t h e f u e l r e g i o n of a d i s c h a r g e d f u e l s u b a s s e m b l y ( p r o b a b l y 
a f t e r c ropp ing t h e bo t tom) i n a p o o l of m o l t e n z i n c h a v i n g a m o l t e n - s a l t 
cover l a y e r . The z i n c d i s s o l v e s t h e s t a i n l e s s s t e e l c o m p o n e n t s ( l . e t h e 
subassembly s u p p o r t i n g members and t h e c l a d d i n g ) , b u t d o e s n o t r e a c t w i t h 
ox ides ^ ^^^ r e s u l t i n g s o l u t i o n i s t h e n s e p a r a t e d from t h e f u e l 

Advantages of l i q u i d - m e t a l d e c l a d d i n g i n c l u d e (1 ) e f f i c i e n t r e m o v a l 
of l o d m e and o t h e r v o l a t i l e f i s s i o n p r o d u c t s , (2) r e l a t i v e e a s e of d l ^ s l 
pa t ron of f i s s i o n - p r o d u c t h e a t , (3) e l i m i n a t i o n of t h e r e q u i r e m e n t f o r 
s e p a r a t e sodium-removal s t e p s , (4) d l s c h a r p e of . n " r e q u i r e m e n t f o r 

inTni: :r'-' -- r ^ " ' ^a îng'̂ .:odTe:t-tr:nsfL °̂p\̂ :;e:riL^ '^rr 
(6) absence of e f ^ L t i v e neutro ^ ^ ' ° " ' ' ° " ''°''^^ ^" ^^^ c y l i n d e r ! , 
simplicity and f l e x i b i l i t y " ' " ^ e lements , and (7) process 

of I n d u s t r L r e x p e ^ l e n c e ' l n l h e ' ' " °l ^ i ^ - d - m e t a l decladding a r e a lack 
materials of construction / T" ' ^ ^ ^ " " " ' ^ y ^ ^ t a l s and g r a p h i t e as 

reagent zinc a " s t l u h o H T ' ' ° ' ' ^ ^ " ^ ^ ° ' ' ^^^^ q u a n t i t i e s of 
waste. Although r e f r a c t o r y metals and g r a p h i t e a re compatible 
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with liquid zinc and molten salts and equipment fabricated of these 
materials have long lives, their cost is a significant portion of the 
processing cost. About 20 ft^ of zinc is used for each ton of fuel 
processed. However, solid zinc is an ideal waste form, and the reagent 
and waste-disposal costs are not large. An alternative to zinc storage 
is recovery of the zinc by a zinc-vaporization process. 

Another scheme for liquid-metal decladding is direct melting of 
the stainless steel cladding. A major portion of the molten steel can be 
separated from the fuel and cast into a waste ingot; the steel still 
associated with the fuel can be charged with the fuel to either an acid 
dissolution step or a voloxidation step to complete the separation of steel 
from fuel. Melt decladding avoids mechanical dismantling of the fuel, 
allows fission gases to be collected in a compact form, evaporates residual 
sodium from the fuel, provides a compact waste, and adds no extraneous metal 
to the fuel before it is fed to the acid dissolution step. The major 
difficulties of the step are high temperature (>1450°C), relatively poor 
separation of steel and oxide, difficulties in handling the declad fuel, 
and low removal of iodine from the fuel. 

A. Engineering Development of Zinc Decladding 

The effects of stainless steel and nickel concentrations in a zinc 
decladding melt on decladding rates are being studied. 

Experiments have been performed simulating the release of high-

pressure gas inside the shroud of a cropped fuel subassembly upon rupture 

of the cladding of a fuel element Immersed in a zinc melt. 

A step proposed to follow liquid-metal decladding is reduction, 
in which declad oxide is reduced to metal by contacting with a liquid 
salt and a molten alloy containing a reductant. Experiments are being 
performed to study the reduction of sintered UO2 pellets with a liquid 
halide salt mixture and one of the alloys, Mg-20 at. % Zn, Mg-17 at. % 
Zn-4 at. % Ca, Zn-29 at. % Mg-6.6 at. % Ca, and Zn-30 at. % Mg. 

1. Zinc Decladding Kinetics (T. R. Johnson, I. 0. Winsch, J. J. Stockbar, 
T. F. Cannon, R. W. Clark) 

Steel dissolution in zinc at 800°C has been found to be rapid, and 
stainless steel loadings of 26% have been achieved. Information obtained 
on the kinetics of steel dissolution in zinc provides a basis for the 
engineering design of the process. The highlights of decladding kinetics 
investigations at Argonne between early 1968 and early 1970 have been 
summarized (ANL-7735, pp. 15-20). In two recent experiments (ZDS-12 and 13), 
the relative rates of dissolution and penetration at SOO^C of type 304 
stainless steel tubes by zinc containing known concentrations of nickel 
and stainless steel was studied (ANL-7755, pp. 8-14). The test procedure 
was as follows. The stainless steel tube was exposed for the specified 
time in a Zn-Fe-Cr-Nl melt, and then removed for vacuum retorting, weighing, 
and metallographlc examination. Sufficient stainless steel or nickel was 
then added to the melt to bring it to the next desired composition. Results 
indicated that the penetration rate is primarily related to the nickel 
content of the liquid zinc phase. 
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Tn run ZDS-13 with zinc solutions saturated with iron and chromium, 

Che rate'f^^ttack was measured ^ ^ ^ ^ ^ ^ i ^ T / T ^ f ^ ^ ' ^ ^ 

nations of 5 to 13 - / ^ ^ ^ - ^ - ^ ^ ^ 'c tafn "f;t''% l i 1.0 wt % Cr 

phase in run ZDS-IJ was caicuiaLcu L nickel added was 
L d 12.8 wt % Nl, ^-ed on t e s n h °f J^"^^-^^^ ,„ ,,„, 

^t Tol^lTrl^T^VrTnl I'o : r % r : s Actively, and that the solid phase 
II ul 1 rlum with the saturated zinc solution contains 5 wt zinc. 
However analysis of a filtered sample taken at the end of ZDS-13 was 
™ i ; a t e l y 3 wt X Fe, 0.6 wt X Cr, and 8.5 wt % Nl, in disagreement with 
the ca culatld values. Analytical results have subsequently been received 
for a sample taken at the same time as the first sample. There is substan
tial agreement with the earlier analytical results. Evidently, in the 
nresence of nickel, the cosolubllltles of iron and chromium are lower than 
their individual solubilities, and the solid Zn-Fe-Cr phase that precipitates 
contains considerable nickel. 

This result does not change the qualitative conclusions concerning 
the dissolution mechanism, i.e., that the steady-state penetration rate of 
zinc into type 304 stainless steel is Influenced primarily by the nickel 
content of the solution, and that the iron and chromium contents of the 
solution Influence the Initial penetration rate (during the first 5 mln of 
Immersion)—primarily by affecting the thickness of the adhering solid 
reaction layer. The new data indicate a different quantitative relation
ship of penetration rate to nickel content. The penetration rate can be 
described as being linearly dependent on nickel concentration rather than 
dependent on the square of the nickel concentration (as reported earlier) . 
A zero penetration rate at a nickel concentration of about 10 wt % is 
predicted; in comparison, the nickel solubility in zinc Is 12 wt % at 

This reassessment of the experimental kinetic data does not alter 
the process design concepts. Although dissolution and penetration of 
stainless steel by zinc are not completely understood, the level of 
understanding seems adequate for the present preliminary design work. 

2. Gas-Release Experiments (I. 0. Winsch, T. F. Cannon, J. J. Stockbar) 

Three experiments have been performed simulating the release of 
high-pressure gas from fuel elements during zinc decladding. The tentative 
procedure for zinc decladding of fuel subassemblies is Immersion of all 
of the fuel portion of a cropped fuel subassembly in the melt to completely 
remove cladding from the fuel-containing sector of the fuel elements. The 
fission-product gases will escape from the plenum region of the fuel 
elements and will bubble through only shallow layers of zinc and salt. 

An earlier report (ANL-7755, pp. 21-22) described the release of 
gas into a zinc-salt melt from two simulated fuel elements pressurized with 
argon to a 54-atm pressure2 and attached inside a 2-ln.-dia stainless steel 
shroud. In that experiment, the shroud was sealed except for a 5/8-in.-dla 
hole in the bottom, and the depth of immersion of the stainless steel tubes 
simulating fuel elements was 3 in. Some zinc was splashed out of the 
containment vessel by the escape of gas from the bottom of the shroud. 



In three recent experiments, 2, 17, and 17 simulated fuel elements 
were contained in the simulated subassemblies. The 2-in.-dia stainless 
steel shroud for the first experiment had a 5/8-ln.-dia opening in the 
bottom and six 1/4-in. dla vent holes spaced around the circumference, 
11 in. above the shroud bottom. These holes provided a means of equalizing 
the pressure Inside and outside the tube. Two type 304 stainless steel 
tubes (1/4-in. OD by 0.010-in. wall) were pressurized to 52 atm with argon, 
and a valve leading to the argon supply was closed. The assembly of 
simulated shroud and fuel elements was immersed In a zinc-salt melt at 
808°C to a depth of 3 in. The pressure rose to 55.5 atm; after 1.5 and 
1.75 min, the gas escaped rapidly from the tubes. Examination of the 
tubes after the experiment revealed that steel pins that had been Inserted 
in the tubes to represent fuel pellets had remained inside the tubes. Zinc 
and cover salt had splashed to a height of 37 in. inside the shroud; there 
was no evidence of splashing outside the shroud. 

The next experiment was done with a bundle of simulated fuel elements 
whose packing resembled the configuration in an LMFBR fuel subassembly. Two 
of the simulated fuel elements in this assembly were type 304 stainless 
steel tubes (50 in. long, 0.25-ln. OD, 0.01-ln. wall) containing close-
fitting steel pins (simulated fuel) in their lower portions and pressurized 
with argon (about 50 atm). These tubes and fifteen stainless steel rods 
(0.25-in. dla by 37-in. long) surrounding the tubes were fastened inside 
a 37-ln.-long, 2-ln.-0D stainless steel tube representing the shroud of a 
fuel subassembly. The shroud was sealed at the top and had a 5/8-in. 
opening at the bottom and six 1/4-in. holes drilled around the circumference, 
11 in. above the bottom. Each tube projected through a seal in the top of 
the shroud. Spacing between the mock fuel elements was achieved by winding 
each rod with 48-mll wire at a pitch of one turn per foot. 

The simulated fuel subassembly was immersed to a depth of 3 in. 
into a zinc-salt melt at 800°C. The pressure inside the 1/4-in.-OD tubes 
rose to 55 atm; one tube ruptured after 1.87 mln and gas was rapidly 
released; after 1.95 mln, gas was rapidly released from the other tube. 
The furnace contents were examined after this experiment. Although zinc 
had splashed to a height of 20 in. in the bundle, there was no evidence 
that salt or metal had splashed outside the shroud. Stainless steel plugs 
welded into the bottoms of the 0.25-ln.-dla tubes separated from the tubes 
during the exposure, but the simulated fuel had remained inside the tubes. 

In the third experiment, tests were made to observe the effects 
of a sudden release of gas under pressure from tubes positioned at 
different locations in a simulated subassembly immersed in water. The 
subassembly consisted of a bundle of two tubes surrounded by 15 rods and 
fastened inside a 1.94-in.-ID transparent Luclte tube simulating a shroud. 
The shroud was open at the top and had a 5/8-in.-dla hole centered in the 
bottom. Each stainless steel tube (1/4 in. OD by 37 in. long) was crimped 
at the lower end, leaving an opening of about 0.004 in.2 Each rod had a 
1/4-ln. OD and 37-ln. length. The subassembly was Immersed to a depth of 
4 in. In water, and argon was fed to the tops of the tubes by opening 
valves to a manifold containing argon under pressure. The choice of water 
as the liquid and of some transparent components allowed the behavior of 
the liquid to be observed. 
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The effects of sudden r e l e a s e of '̂ •50 cm^ of argon a t 52-atm p r e s s u r e 
through the small openings in one or both tubes were observed. When gas a t 
52-atm pressure was released from tubes located over the opening in the 
bottom of the shroud, gas was blown out of the bottom of the shroud and 
water splashed out of the conta iner . When gas a t 52-atm p res su re was 
released from tubes located near the wall of the shroud, l i t t l e gas escaped 
from the shroud, but the water l eve l in the shroud rose to about 37 i n . 
when both tubes were vented. Less displacement would be expected in a run 
with zinc. 

Based on the observations made in these scout ing exper iments , i t 
appears that zinc splashing may occur during zinc decladding but would be 
confined largely to In te rna l spaces in fuel subassembl ies . I t i s thought 
that the most v iolent splashing outs ide the subassemblies would be contained 
adequately by heat sh ie lds above the mel t , which would be designed to 
function also as de f l ec to r s . No add i t i ona l g a s - r e l e a s e experiments a r e 
planned at th i s time, but information obtained during fuel examination 
(by other Inves t igators) on the behavior of f i s s ion -p roduc t gases when 
i r radia ted fuel elements are perforated w i l l be sought and eva lua t ed . 

3. Reduction of UO2 P e l l e t s ( I . 0 . Winsch, T. F. Cannon, J . J . Stockbar) 

I t has been proposed (ANL-7735, pp. 26-32) tha t removal of s t a i n l e s s 
s t ee l cladding by a l iquid-metal decladding s t ep be followed by reduc t ion of 
the oxide to metal in the decladding v e s s e l . An advantage of t h i s procedure 
would be that a l l iodine would be re leased and c o l l e c t e d in the waste s a l t 
and a l l v o l a t i l e f i s s ion products (ANL-7755, pp. 24-31) would be r e l ea sed 
inside the decladding vessel and could be co l l ec t ed for s t o r age with 
minimum di lut ion by other gases (ANL-7735, pp. 32-33; ANL-7755, pp. 32-33) . 

In the proposed reduction s t e p , declad oxide fuel i s contac ted with 
a liquid sa l t and a molten-metal a l loy containing a r e d u c t a n t . With 
adequate mixing ( s t i r r i n g ) of the fuel oxide, s a l t , and meta l , r e a c t i o n 
with the reductant completely converts the uranium oxide and plutonium 
oxide to metal. Depending on which molten metal i s employed, both ^^n ium 
and p utonium may be extracted in to the molten metal phase (^hlch s e p a r a ^ s 

fr:t:f:r:-u-rbrirthrf^^ra°p^^ 
alloy is formed) fol ow d by p L s u e s l p h ^ n l n f ' ^ tH " ' ' ' ' ' ' ' " " " " " ' ^ out of the react ion ves se l . ^ " " " " ' ' ^ siphoning of the uranium s o l u t i o n 

from t h e l r u ' c l b l e ' . ' l t ' i i ' d i ^ L ' l v e d " - ' " ' ' " ' ^ ^ " " " " " ' ^ °' ^''"^^ - " — - ^ 
extraction processing ' " , f " " °^^^<^ ^" " ^ t r i c acid for aqueous s o l v e n t -
step are v o L L l " ^'g magnes'™ ' ^ " ' ^^ " " ^ ' ^ " " ' ^ ^" ' ^^ - < ^ - t - " 
by retort ing before ' ; ' a c i d d? 1 ' " " ^ ' '^^""^ """^^^ ""^ ^^ ^e"'°ved 
process. " ' ' <^is«°l"tion s t ep and recycled through the 

resul ts t n ' x ^ e U e l t ? e d u ^ i o " 1 ° ' ^ ' '•'"' ^ ' ^ ' ^ ^ ' ^ ^ ^ " ^ P ° " ^ - " - . "h lch 
dissolved in Mg-42 at 7 r . "ranium and plutonium, c o n s i s t s of calcium 

« "^ a t . X Cu and a CaCl2-CaF s a l t (ANL-7735, pp. 21-25) . In 
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a limited number of runs, two alternative alloys, which could be recovered 
by evaporation and recycled, are being evaluated for this system. They 
are (1) Zn-30 at. % Mg, which would give a product solution containing 
reduced uranium and plutonium, and (2) Mg-20 at. % Zn, which would give a 
product solution containing only reduced plutonium. Runs are being made 
with and without calcium added to the alloy. 

Experiments are being performed, using sintered UOj pellets (0.21-ln. 
dia, 0.25 in. long), to study the reduction of U0-. Experience has shown 
that (U,Pu)02 and PUO2 are easier to reduce than UO2. In run Mg-Zn-Rl, the 
charge was 1 kg of pellets, and the reduction step was performed in a baffled 
tungsten vessel (10 5/8-in. ID and 19 in. high) equipped with an agitator. 
The charge for each subsequent experiment was 200 g UO2. Runs Mg-Zn-R2 
through -R5 were performed in an Inductively heated tilt-pour furnace using 
a baffled tungsten vessel (5 3/4-ln. OD, 5 1/2-in. ID, 13 7/8 in. high). 
A Mo-30 wt % W agitator (3-ln. dia, 1 1/4-ln.-wide blade pitched 30° from 
horizontal, deflecting downward) was used to mix the melts at 900 rpm during 
reduction of UO2. The reduction temperature was 800°C in all experiments. 
Run durations were 5, 5, 1, 1, and 5 hr for experiments Mg-Zn-Rl through 
Mg-Zn-R5, respectively. 

The alloy charged in experiments Mg-Zn-Rl to -R3 was Mg-20 at. % Zn, 
and the salt was MgCl2-47.5 mol % CaCl2-5 mol % CaF^. Reduction to uranium 
metal was nearly complete in these three experiments, except that a large 
amount (10 to 20%) of the U0_ was engulfed by the precipitating uranium and 
not available for reduction. This UO2 was recovered after the uranium 
precipitate was dissolved in Zn-30 at. % Mg for analytical purposes. 

In runs Mg-Zn-R4 and Mg-Zn-R5, calcium was added to the Mg-Zn alloy 
and CaCl2-20 mol % CaF. was the salt phase. This metal-salt system was 
selected to Increase the reduction rate and because it is expected to 
Improve efficiency of plutonium extraction in future runs in which plutonium 
will be present. In Mg-Zn-R4, 3.39 kg of Mg-1? at. X Zn-4 at. % Ca alloy 
and 1.08 kg of the salt were charged; in Mg-Zn-R5, the charge was 3.55 kg 
of Zn-29 at. % Mg-6.6 at. % Ca and 1.08 kg of salt. 

The preliminary results now available indicate that good reduction 
(>99%) of UO2 pellets was obtained with Mg-17 at. % Zn-4 at. X Ca/CaCl2-
20 mol % CaFj (run Mg-Zn-R4) and with Zn-29 at. % Mg-6.6 at. % Ca/CaCl2-
20 mol % CaF- (run Mg-Zn-R5). All of the uranium was soluble in the 
reduction alloy used in run Mg-Zn-R5, but the solubility of uranium in the 
reduction alloy of run Mg-Zn-R4 was low. No UO2 was entrapped by the 
precipitated uranium in run Mg-Zn-R4; the reason for the difference in UO2 
entrapment between this calcium system and the similar calcium-free system 
of runs Mg-Zn-R2 and -R3 is not understood at this time. Oxide fuel 
entrapment was never encountered with the Mg-Cu-Ca/CaCl2-CaF2 reduction 
system employed in studies of the Salt Transport System. 

Runs are planned to verify the good results obtained with calcium 
in the two Mg-Zn alloys and to evaluate the system Zn-30 at. % Mg/MgCl2-
CaCl2-CaF,. An experiment will be made to determine the solubility of 
uranium in alloys of Zn-30 at. % Mg plus calcium at 800°C. 



16 

B. Process Demonstration Experiments (T. R. Johnson, W. A. Murphy, R. W. Clark) 

Equipment and facilities have been prepared for small-scale (100 g 
UO.-PuO„) decladding experiments with irradiated oxide fuel. The experimental 
procedure will consist of the dissolution of stainless steel cladding by 
liquid zinc, removal of the fuel pellets from the zinc in a tantalum basket, 
and reduction of the fuel oxide to metal in a molten metal-salt system. The 
details of the experimental procedure and equipment were described in the 
previous report (ANL-7755, pp. 14-17). 

The experimental apparatus has oeen assembled, shake-down runs with 
the equipment outside the shielded cell are nearly complete, and experiments 
in the cell are to begin soon. 

C. Melt Decladding (I. 0. Winsch, T. R. Johnson, T. F. Cannon, J. J. Stockbar) 

A series of experiments has been started to investigate fuel oxide 
separation from stainless steel cladding by melting the cladding away 
from the fuel. The feasibility of the procedure depends upon sufficient 
exposure of oxide surface as a result of draining of the stainless steel 
so that the oxide can be completely separated in the following step by 
either acid dissolution or voloxidation. 

In each experiment, the charge was melted in a magnesia or alumina 
crucible in an induction furnace. A charge consisted of a bundle of type 
ITjTnl T^ f ' " ' ' r ^°"'alning UO and wrapped with lO-mil-thick 
type 304 stainless steel to simulate a ?uel subassembly shroud. A weight 
ratio of uranium oxide to stainless steel of about two was selected ĥ̂  • 
consistent with the approximate fuel-to-steel ratio f o r l r o p o s e d m ™ ' ' 
fuel which is two if the end hardware is ignored. Proposed LMFBR 

stalnless"::eeTt"br^0.2^5-ln-^i: " o ^ I o ^ ^ ^ ' r l - - ^ " ^^" '^"^ ^ ^ -'' 
closed at one end were charged wih 'uo;peu" ;s"?o 2̂  " ' . ' " ' n ' ^ ^^ ' "" '^ '^ 
length) and crushed UO2 pelLts (+14 mish TL'charg'e's-for'^he tb"'"' 
experiments were similar except that crushed oxidf^as omitted 

The magnesia crucible used in SSMn-l h = ̂  o- i/ ,^ . 
Its base and was positioned above, = T 1/16-in.-dla holes in 
charge for 1.5 hr at 146Tl608°c unde '^'^"'^i"^- Heating of the ^135-g 
less steel (melting range 0 1 4 0 0 - 1 4 5 0 0 0 ) ^ ^ ^ " " ' °" '^ ' " °' '""^ " ^ i -
and caused 45% of the stainless steel to " ' " ' ° ' ' ^^ ^°"^^ crucible 

and in subsequent experiments sa i^ les^ s teerhad ' ' " t""'' experiment 
remaining in the crucible was bonded to UOoel le t " / ' ' ' ™2" ^he steel 
large clusters; about one-half of the U O ^ / ! particles in two 
were digested in 8M HNO,, and the clustP?= f ?f^ ^^^ '"° ^ " ^ ^ clusters 

of the UO2 was acclssibl'; to the acid rh ' ° " . ' ^ l ° ^ ' ' ^ " ' ^ "eight. All 

less than 0.001% of the uranium was"e ; t ra jped1r the \1e : r ! ' ' "^ " ^ ^ ^"^^^^^"^^ 

In SSMD-2 to -5 th • ^ 
and was tilted 10° from'the'horlzonta^ ' T T ""'^i"^<^ ^ single crucible 
interior wall of the cruclhlo ^ * "^''''^^ "^s placed on the 
molten steel would flow to rtl t ^ ' " " ^ expected that upon heating, the 

to the bottom of the crucible and the pel let ; would 
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remain on the wall above the steel. An argon atmosphere at 630 mm Hg 
pressure was maintained inside the furnace. Temperatures of 1490 to 1650°C 
were maintained for 1 hr. Inspection of the magnesia crucible and its 
contents after SSMD-2 and -3 showed that most of the stainless steel had 
flowed away from the pellets, but that the pellets had been wet by the 
stainless steel. The bond strength was such that when the stainless steel 
and UO2 were separated, the UO. fractured rather than the bond. 

Figures 1 and 2 are photographs of UOj and steel that had been 
carefully removed from the crucibles after SSMD-4 and -5. In SSMD-4 and -5, 
Alundum crucibles were used and were charged with 162 g of UO2 pellets 
and 81 g of stainless steel in an assembly of 20 simulated fuel elements. 
The temperature was 1490°C during SSMD-4, and 1650°C during SSMD-5. In 
both runs, a sizable quantity of the molten steel collected on the crucible 
wall above the pellets and failed to flow to the bottom of the crucible. 
At the lower temperature, none of the stainless steel flowed to the bottom 
of the crucible. In both runs, most of the pellets were loose but were 
wetted in spots with steel. 

Several additional experiments will be made with the crucible wall 
positioned at a 20° angle in an attempt to cause additional stainless steel 
to flow downward. Also, a run will be made employing an Ar-4% H2 atmosphere 
to duplicate the conditions used by Irvine of ORNL.^*^ Irvine found that 
UO2 pellets were wet little or not at all by molten stainless steel in an 
Ar-4% H2 atmosphere. 
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WESTCOJT m " ^ ^ ->» R U L E R 

1490° C 

Fig. 1. Contents of Crucible After Melt Decladding, SSMD-4. 
ANL Neg. No. 308-2423. 
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WESTCOTT 

SSMD-5 1650 **C 

Fig. 2. Contents of Crucible After Melt Decladding, SSMD-5. 
ANL Neg. No. 308-2372. 
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I I . CONTINUOUS CONVERSION OF U/Pu NITRATES TO OXIDES 

(N. M. Levitz, D. E. Grosvenor, S. Vogler, F. G. Teats) 

The nuclear fuel cycle requ i res the conversion of uranyl n i t r a t e 
and plutonium n i t r a t e so lu t ions to powdered oxides s u i t a b l e for the 
fabricat ion of fuel shapes. For LMFBR and other a p p l i c a t i o n s l a rge 
quant i t ies of plutonium w i l l have to be recyc led , and the a t t e n d a n t problems 
of nuclear c r i t i c a l i t y , i n t r i n s i c r a d i a t i o n , and sa fe ty In shipping se rve 
as an incentive for developing h igh-capac i ty , low-holdup continuous 
denl t ra t lon processes. A f luldlzed-bed conversion process under s tudy , 
based on technology developed in e a r l i e r ANL f l u i d l z a t l o n work,^ shows high 
potent ia l for meeting a l l process requirements . Basic process s t eps Include 
fluldlzed-bed den l t ra t lon of uranyl n i t r a t e -p lu ton lum n i t r a t e s o l u t i o n s to 
U0,-Pu02 powder, followed by f luldlzed-bed reduct ion of the UO,-PuO with 
hydrogen to UO2-PUO2. Laboratory-scale and p i l o t engineer ing work i s in 
progress. 

As reported e a r l i e r (ANL-7735, pp. 45-49) , l abora to ry d r o p - d e n l t r a -
tion experiments simulating the f lu ld lzed-bed d e n l t r a t l o n s t ep produced 
powder from a U-20% Pu n i t r a t e so lu t ion which showed good d i s t r i b u t i o n of 
PUO2 in the UO3 matrix. Also reported e a r l i e r (ANL-7735, pp. 49-52) was 
the development of a procedure for d i s s o l u t i o n of UO^-PuO, m a t e r i a l 
produced by denl t ra t lon to f a c i l i t a t e reuse of the plutonium Inventory in 
the p i lo t p lant . In subsequent labora tory work (ANL-7755, pp. 38-40) , the 
stable plutonium ion in long-standing n i t r a t e s o l u t i o n s was found to be 
Pu(IV). Current laboratory work pe r t a in s to i n i t i a l hydrogen reduc t ion 
experiments and exploratory p e l l e t p repara t ion , s i n t e r i n g , and c h a r a c t e r 
izat ion. 

In s t a l l a t i on of the d e n l t r a t l o n p i l o t p lan t was completed, and a 

ÂWL / / S i , pp. 40-44). The design production goal of 100 lb UO, / (h rUf t2 l 
was met. Redesign and acqu is i t ion of equipment to meet the e x p l c e d nuclear 
d^ri^^ ltTi:-T.\l:i::r:' " ^ ' ^ - - ^ " - P l - o m u m systems wa^ c a r r i ^ d ' ^ o ^ r 

A. Laboratory Program 

1- Reduction of UO.-PuO 

p r o d u c e s ' u o V t l r w h i c h l r b T r L ' " ^ " " ' ' ^ ' ' " ' " " " ^ " ^ ' ' ^ ^ ° ^ " " ° -made. Prior flu^dl^ed L ^ ' ' ^ ' ' ^<^""d to UO -PuO before p e l l e t s a re 

with hydrogen a t ' ' QOCi f ^ i b r r Th"' ' " ' ^ ^ ^ ' ^ ^ ' ' ^ ^ ^ ^ ^ " " ^ ° ? °^ ™3 
that in the reaction of UO wtth h ^ Thermogravimetric (TGA) data? showed 
400°C and is complete a t fe ' ' ^ ' " ^ " " ' -reduction s t a r t s a t approximately 

powder .IrltZTol d r l p ^ d e ^ i t r ^ ' ^ l o ? ' " " "^"^^ " " ^ ' ^ ' ^ ° " ° " ™3-^"°2 
for exploratory pe l l e t f a b r i c a M o ; ^ experiments to provide UO2-^0 ^th PuO, 
The UO3-PUO, powder had been . p re l iminary c h a r a c t e r i z l t i o n t e s t s . ^ 
solution ( c ^ n L i n i n g ' l u r i . ^ ^ ' ^ o ^ a l ' ^ ^ ' p f ° ' '" ' '^^ ^ " ' ^ ' ° " °^ ^ " ^ ^ " -i . u jn t o t a l U + Pu) i n to a quar tz tube a t 300°C. 
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Reduction was carried out at 550 and 500°C in a small stainless 
steel boat with approximately 6 g of UO3-PUO2 per experiment. The reaction 
time was 4 hr, and the hydrogen flow rate was 100-200 cm-'/min. Preliminary 
data indicate that reduction was on the order of 95% in both experiments. 
Further reduction studies await engineering denltratlon studies with uranyl 
nitrate-plutonlum nitrate solutions. 

2. Preparation of U O Q - P U O , Pellets 

The purpose of these experiments was to determine whether (U,Pu)02 
prepared by denltratlon and reduction could be fabricated into good quality 
pellets, i.e., whether the sintered pellets would have reasonable densities 
and homogeneous distribution of plutonium. Initial work has been to explore 
briefly the effects of fabrication conditions on density. In the first 
pellet preparation, UO2-2O wt % PuO, derived by reduction at 550°C was 
pressed into 1/4-ln.-dia pellets at 87,000 psi and sintered at 1650°F for 
90 mln. Sintering of this and other pellets was in an argon atmosphere. 
Physical measurement indicated that the pellets had a density of 84% of 
theoretical density (T.D.). Several additional pellets were fabricated 
to explore briefly the effects of fabrication conditions with the objective 
of achieving a higher pellet density. 

Four additional UO2-2O wt % PuO, pellets were made from -100 mesh 
powder produced by drop denltratlon at 300°C and hydrogen reduction at 500°C 
(rather than at 550°C as in the earlier work). Two of these pellets were 
pressed at 87,000 psi, and the other two were prepressed at 1500 psi 
pressure, granulated, and finally pressed at 87,000 psi. One pellet from 
each of the above pairs was sintered at 1650°C for 4 hr; the other two 
pellets were sintered at 1750°C for 90 min. The operating conditions and 
results for all pellet tests are summarized in Table I. Prolonged heating 
at 1650°C did not Increase the density. The pellet which had been pre
pressed, granulated, pressed, and sintered at 1750°C had the highest 
density, 89% of theoretical. The density of tlie companion pellet, which 
had been pressed without granulation and sintered at 1750°C, was 83% of 
theoretical. Use of a lower temperature, 500°C instead of 550°C, for 
hydrogen reduction appeared to have no adverse effect on final pellet 
density. 

From these preliminary results, we are optimistic that satisfactory 
fuel pellets can be prepared from this type of (U,Pu)02 by the selection of 
appropriate pelletizlng and sintering conditions. 

3. Examination of UO2-PUO2 Pellets 

The (U,Pu)0, pellets were examined for composition, homogeneity, 

and structure. 

a. Chemical Analysis 

One pellet having a density of 84% of theoretical (Table I, Line 2) 
was used for analysis. One piece of this pellet was reserved for electron 
mlcroprobe examination, and fragments of the second piece were analyzed for 
oxygen, uranium, and plutonium. The oxygen content was determined by 
vacuum fusion, and the uranium and plutonium concentrations were determined 



Table I. Operating Conditions and Results of UO,-PuO Pellet Fabrication Tests 

Run No. Size 

87° 

Initial Sinter- Sinter' 
Powder Prepressing Granulated Pressing Green Ing 
Mesh Pressure Powder Pressure Density Temp. 

89A 

89A 

89B 

89B 

(psi) 

_ b 

-100 

-100 

-100 

-100 

None 

None 

'v-1500 

None 

0.1500 

Mesh Size 

-45 

-45 

87,000 

87,000 

(psi) (s/cm-^) (°C) 

87,000 6.2 1650 

87,000 5.9 1650 

87,000 6.1 1650 

5.9 

6.2 

1750 

1750 

ing 
Time 
(mln) 

90 

240 

240 

90 

90 

Final 
Density 
(g/cm3) 

9.3 

9.3 

e 

9.2 

9.85 

% 
of 
T.D. 

84 

84 

e 

83 

89 

Pellet 
Diam. 
(in.) 

0.252 

0.248 

0.249 

0.250 

0.246 

Pellet 
Length 
(in.) 

0.282 

0.203 

0.195 

0.102 

0.166 

^The U0,-Pu0_ powder was prepared by drop denltratlon at 300°C followed by hydrogen reduction at 550°C. 

Not measured. 

"̂ No granulation step used in these experiments. 

The U0,-Pu0. powder was prepared by drop denltratlon at 300°C followed by hydrogen reduction at 500°C. 

e 
Not measured because the pellet was chipped and cracked. 



amperometrically. The results, summarized below, are within the current 
Fast Flux Test Facility (FFTF) specifications.^ 

U (wt %) 70.78 

70.63 

Pu (wt %) 17.61 

17.60 

70.70 

17.60 

11.74 

Oxygen/Metal Atom Ratio 1.98 

b . E lec t ron Mlcroprobe Examination 

A section of a pellet was placed in a metallographlc mount and 
polished suitably for electron mlcroprobe examination. The final step 
was the deposition (by sputtering) of a 508 coating of gold, which insures 
adequate conduction and prevents contamination of the equipment. 

Bombardment by the electron beam (a 0.5-pm-dla beam in this case) 
results in characteristic X-rays of uranium and plutonium being emitted. 
Separate counting rates for uranium and plutonium were measured, and 
after correction for background, the uranlum-to-plutonlum counting ratio 
was calculated. The constancy of this counting ratio is one measure of 
pellet homogeneity. Twenty such measurements were made on various portions 
of the pellet. The data showed a spread of about 20%. An electron beam 
of the same size was also used in a scanning mode over many 8- by lO-pm 
areas and 80- by lOO-pm areas for another series of measurements; no 
Improvement in the dispersion of the data was observed. Nevertheless, 
these results are considered encouraging, since no spots or areas were 
found that contained only uranium or only plutonium. Scanning of the 
pellet across a diameter will be done next. 

Analysis of the pellet also disclosed trace metal inclusions— 
tantalum and components of stainless steel (nickel, chromium, and iron 
peaks were noted). Subsequent examination indicated that contamination 
had occurred during sintering, and not during the denltratlon and reduction 
steps. 

c. X-ray Examination 

A lattice parameter of 5.4602^ for the pellet sample was measured. 
Only a single set of X-ray diffraction lines was in evidence, indicating 
the presence of a single oxide phase. This measured lattice parameter was 
compared with the lattice parameter predicted from a relationship between 
O/M and lattice parameter at a stated plutonium content, earlier observed 
by Schnizleln (ANL-7735, p. 76): 
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a = 6.1127 - 0.534 (Pu) - 0.321 (0/M)^+ 0.229 (Pu) (O/M) 

where a is the lattice parameter, (Pu) = / / " „ .and O/M is the 

oxygen ?o metal ratio. The value for a p ^ e l U e ^ ^y that relationship _ 

is 5!46108. which compares very favorably with the value obtained experi-

mentally. 

4. Solubility Limits for U-Pu Nitrate Solutions 

A knowledge of the cosolublllty of uranyl nitrate and plutonium 
nitrate in dilute nitric acid is Important in relation to the feed composi
tion selected for a fluid-bed denltratlon plant. The feed solution should 
be as concentrated as possible to Increase the throughput of the fluid-bed 
denltratlon reactors. However, the feed solution should not be so concen
trated that Inadvertent crystallization of plutonium nitrate can occur 
because this could represent a criticality hazard. Since little crystal
lization data is available in the literature for uranyl nitrate-plutonlum 
nitrate solutions with high plutonium contents, it is proposed to use cooling 
curves to determine the temperatures at which solutions of given compositions 
begin to crystallize. Several solutions of interest will be studied. From 
this information, the practical limits of concentration of U/Pu nitrate 
solutions for feeds in the denltratlon process will be selected. 

The test procedure involves heating the test solution approximately 
5°C above the temperature of first crystallization and allowing the solution 
to cool, with stirring. Meanwhile, the solution temperature is recorded. 
The onset of crystallization results in a change in the rate of cooling, 
giving a change in the slope of the curve when the recorded temperature is 
plotted against elapsed time. The crystallization point is taken as the 
Intersection of the two lines drawn through the two segments of the cooling 
curves. The apparatus is singular in that the rate of cooling of the test 
solution (contained in a test tube projecting into a flask) is controlled 
by the flow rate of air cooled by dry ice located in the flask. Preliminary 
tests in which crystallization points were determined from cooling curves 
for uranyl nitrate solutions have demonstrated good agreement of experi
mental results with the published data on uranyl nitrate solutions. 

In future work, cooling curves for appropriate solutions of uranyl 
nitrate-plutonlum nitrate-nitric acid will be obtained. 

B. Engineering Program 

Work on the pilot plant for denltratlon (ANL-7735, p. 54) has 
consisted of the design and acquisition of new vessels and some piping 
modifications. Equipment was modified in accordance with a criticality 
hazards analysis of the pilot plant. The main changes concerned the 
feed make-up system, which includes a 4-in.-dla dlssolver, a 3-ln.-dla 
teed tank, and a 16-ln.-dla feed storage tank. Borosllicate-glass Raschlg 
rings are to be used as a fixed nuclear poison in the large-diameter vessel. 

The assistance of ORNL in the criticality hazards analysis is 
moderwh^K : J*""' " ° " ' ^ Carlo calculations, based on a rather conservative 
model which took no credit for 240p^, ̂ ^ uranium dilution, showed a relatively 
low system reactivity, k^jj, near 0.7. 
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Installation work, including installation of the glovebox windows 
and pressure testing of the glovebox, is expected to be completed during 
the next quarter. Denltratlon work with plutonium systems can then be 
started. 
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I I I . IN-LINE ANALYSIS IN FUEL FABRICATION 

(J . G. Schnizleln, T. Gerdlng, M. J . S t e i n d l e r ) 

The development of rapid , p r e c i s e , and accura te i n - l i n e nondes t ruc 
t ive methods f i r the analys is of c r i t i c a l fuel p r o p e r t i e s w i l l lower fue l 
f ' ^ I r i ' t i o n costs for the la rge number of fuel p e l l e t s t ha t wil be processed 
in the IUFBR program. For th i s evaluat ion of a n a l y t i c a l methods, the 
s t a r t ine c r i t e r i a selected are the s p e c i f i c a t i o n s of p r e i r r a d i a t i o n fue l 
propert ies (and the associated prec i s ions) for the Fast Fuel Test F a c i l i t y 
(FFTF) proiec t . The fuel p rope r t i e s , s p e c i f i c a t i o n s , " p r e c i s i o n s , and 
acceptable methods of measurement « for the Fast Flux Test F a c i l i t y (FFTF) 
were discussed in an e a r l i e r quar te r ly repor t (ANL-7735, pp. 59-66) . As 
addit ional information on the r e l a t i o n s h i p between fuel p r o p e r t i e s and fue l 
performance is obtained from i r r a d i a t i o n experiments, more r e a l i s t i c and 
possibly less rigorous spec i f i ca t ions for fuel p r o p e r t i e s a re expected . 

The fuel for the f i r s t commercial FBR i s expected to be uranium-
plutonium oxide. Two fuel p roper t i es have been se l ec ted for i n i t i a l s tudy 
because their determination i s necessary in every conceivable f a b r i c a t i o n 
procedure: plutonium/uranlum (Pu/U) r a t i o and oxygen/metal r a t i o in 
uranium-plutonium oxide. A l i t e r a t u r e study i nd i ca t i ng t h a t oxygen/metal 
r a t io can be determined by measurement of l a t t i c e parameters i s descr ibed 
in ANL-7735, pp. 65, 71-80. 

A. Plutonium/Uranium Ratio in Fuel 

The most rigorous spec i f i ca t ion on plutonium content for FFTF fuel 
i s for a core zone that must have an average plutonium content of 20.0 + 0.1%. 
This Imposes a precision of +0.5%, which i s not r o u t i n e l y ach i evab l e . X-ray 
fluorescence analysis i s being evaluated as an i n - l i n e a n a l y t i c a l method 
for determining Pu/U r a t i o in U0,-Pu0, fuel m a t e r i a l s . X-ray f luorescence 
analysis is a s ens i t i ve , nondestruct ive method in which exc i t i ng r a d i a t i o n 
impinges on the sample and causes the emission of r a d i a t i o n t h a t i s 
charac ter i s t ic of the elements present ; by a p p l i c a t i o n of t h i s method, 
uranium and plutonium concentrat ions can be determined r a p i d l y and accu ra t e ly 
enough to be p rac t i ca l at high fuel-product ion r a t e s . In the experimental 
program to demonstrate the p r a c t i c a l i t y of t h i s a n a l y s i s , not only the 
material effects but also the ins t rumental choices and sample p r e s e n t a t i o n 
procedures are being defined. 

I n i t i a l inves t iga t ions a re being done with Th02-U02 as a s t a n d - i n 
for UOj-PuO to avoid the hazards of handling plutonium. This s u b s t i t u t i o n 
is pract ical because of the i d e n t i c a l r e l a t i o n s h i p of the atomic numbers of 
each pair of elements and thus of the r e l evan t p r o p e r t i e s (see ANL-7726, 
pp. 141-142). Part of the data obtained with ThO,-UO. w i l l l a t e r be v e r i f i e d 
in experiments with UO,-PuO . 

1- Instrumental Considerations 

^ The precision of X-ray f luorescence a n a l y s i s i s l imi ted by counting 
s t a t i s t i c s (ANL-7735, p . 71)—that i s , p r e c i s i o n i s improved a t h igher t o t a l 
counts. If the time to reach a count corresponding to the des i red 



precision is decreased, the opportunity for in-line application will be 
improved, as will the accommodation to higher production rates. Equipment 
modifications are desired that will increase uranium and thorium count 
rates without Increasing the background rate too much. 

There are eight identified processes 1'̂  in a flat-crystal spectro
meter where a loss of fluorescence intensity can occur due to Instrumental 
effects. The two greatest loss factors are the efficiency of X-ray 
production (fraction of the X-rays striking the sample and re-emitted) and 
the fraction of the radiation emerging from the two collimators. Typical 
values of these two factors are 3.7 x lO"-* and 1.6 x 10"-̂ , respectively. 
Data presented last quarter (ANL-7755, pp. 46-47) demonstrated that 20-mil 
slit widths in the collimators (instead of the usual 5-mil slit widths) 
give adequate resolution of the uranium and thorium peaks and also Increase 
counting rates tenfold. At the observed counting rate for uranium of 
7 X 10-* cps, a counting time of 0.5 mln is necessary to obtain a precision 
of +0.5% at the 95% confidence level. If the thorium peak and background 
were then counted sequentially, the estimated total counting time for 
each pellet would be about 1 min. New counting equipment that is expected 
to have a capability of.10 cps has since been Installed and is being 
calibrated. 

Sample Presentation. A controlled and reproducible method of 
presentation of the sample to the exciting radiation is necessary for pre
cise measurements in X-ray spectrometry. The initial experiments were 
performed using aluminum masks with holes of various diameters to define 
the area of the sample that would be irradiated. Either powdered oxide 
contained in a shallow glass dish or solid samples were supported beneath 
the mask in a conventional carrier (Fig. 3). 

A sample holder of new design (Fig. 4) was constructed that 
provides reproducible loading. Samples of powder or pellets are loaded 
in the aluminum cup so that the surface of the powder or pellets is even 
with the cup rim. Use of this sample holder and loading procedure has 
resulted in the counting rate Increasing by a factor of 1.5 and the back
ground count (from scattered X-rays) decreasing by a factor of 3. Thereby, 
the analysis time has been decreased and precision improved. 

With the new counting equipment and the new sample-presentation 
method, uranium count rates up to 1.8 x 10 cps can be measured for 20% 
U02-80% Th02 samples and count rates of about 9 x 10 cps for pure materials. 
Still to be determined are corrections for dead time and coincidence at 
count rates above 3 x 10 cps. 

2. Material Effects 

The fluorescence intensity of a characteristic radiation is 
influenced by two kinds of matrix effects—absorption and enhancement. 
To attain the required precision in the analysis of solid oxide as powder 
or pellets, absorption and enhancement must be proved to be either 
insignificant or predictable. 
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DISH 
Fig. 3. Sample Car r ie r 

SAMPLE CUP 

GUIDE RAIL 

Fig. 4. Sample Holder 
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Absorption includes the effects of scattering from the surface, 
voids, and crystallites, as well as absorption described by the mass absorp
tion coefficients of the elements present. Enhancement (or secondary 
fluorescence) occurs when the characteristic radiation from one component 
element has enough energy to excite the characteristic radiation of the 
element being measured. This occurs in uranium-plutonium oxides because 
PuLa excites ULa. In thorium-uranium oxides, ULa excites ThLa. 

Normally, quantitative analysis by a fluorescence technique 
requires a set of standards covering the ranges of variables of interest, 
such as composition (element concentration and matrix content), density, 
crystallite size, and absorption coefficients. Crlss and BirksH have 
formulated calculational methods whereby X-ray fluorescence intensities 
can be calculated from fundamental parameters. Computer calculations 
should greatly decrease the number of standards necessary by allowing some 
prediction of signal losses due to material effects. 

Experimental work is required with samples having a range of plutonium 
contents to demonstrate whether the necessary precision can be attained 
despite variations in powder properties, such as particle size, bulk 
density, and O/M ratio. 

a. Uranium Content of U0,-Th0^ 

Measurements of the intensity of the La emission line from uranium 
and thorium are being determined for mixtures of 10, 15, 20, 25 and 30 wt % 
UO,-ThO, powder. The mixtures were prepared from pure Th02 and from UO2 
that had been reduced from NBS U^On. Thorium, uranium, and oxygen contents 
of each of the pure oxides were verified by analysis. 

b. Particle Size Effects 

The influence of particle size is being evaluated in preliminary 
work by measuring ULa emission from samples of arc-fused UO2. These 
samples had been sieved and separated into three fractions, <44 pm, 
177-500 pm, and 500-1000 ym. The Intensity of the ULa line for each 
fraction was compared with that for a standard (<44-pm UO2 prepared from 
NBS UnOj.) . The ratios and the standard count rates for various Irradiation 
experiments are presented in Table II. The count-rate ratios for two 
large-particle UO2 samples to NBS UO2 were each '̂ X).7. Apparently, 
fluorescence intensity decreases at particle sizes greater than 44 pm. 
Further study will be required to determine the extent to which this effect 
interferes with the precision of analysis. 

B. Conclusions 

A procedure for determining U/Pu ratio by X-ray fluorescence 
analysis is being developed. This nondestructive analysis can be performed 
rapidly enough to be practical for large-scale processing. 
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Table I I . Influence of P a r t i c l e Size 
of Arc-Fused UO2 on Emission I n t e n s i t y 

Experiment 

I 

Standard 
(cps) 

83000 

Ratio of Count Rate of 
b ,c Frac t ion to Count Rate of Standard 

500-1000 pm <44 ym 

0.98 

177-500 pm 

0.69 0.73 

I I 73000 1.00 0.71 0.75 

I I I 3057 + 49 0.693 0.694 

IV 1792 + 13 0.712 

W target a t 59 kVp, 41 mA 

I 20-mll co l l imators . I n t e g r a l count mode 
I I 20-mil co l l imators , d i f f e r e n t i a l count mode 

I I I 5-mil co l l imators , d i f f e r e n t i a l count mode 
IV F i l t e red through 1-mll Sn f o i l , 

5-mil col l imator , d i f f e r e n t i a l count mode 

Standard used was <44-Mm (-325 mesh) UO2 reduced from NBS U^O.. 

The reasons for the difference between count r a t e s in i n t e g r a l 
mode and count r a t e s in the d i f f e r e n t i a l mode a r e not e n t i r e l y 
clear and are being s tud ied . Standard count r a t e i s uncorrec ted 
for dead time. 
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IV. ADAPTATION OF CENTRIFUGAL CONTACTORS IN LMFBR FUEL PROCESSING 

(G. Bernstein, J. Lenc, N. Quattropanl) 

The performance characteristics of centrifugal contactors during 
plutonium purification (plutonium-lsolation steps) in the Purex-type solvent 
extraction of MFBR fuel material are being investigated. The feed streams 
to the plutonium-lsolation steps will contain high concentrations of plutonium. 
The hazard of nuclear incidents in these steps will be controlled by using 
a geometrically favorable design, i.e., by specifying a favorable diameter. 
Other expected advantages of centrifugal contactors are reduced radiation 
damage to solvent as a result of brief residence time in the contactor and 
improved ease of operation (Including rapid flushout at the end of a 
processing campaign). 

A stainless steel contactor is being fabricated here that has the 
same general configuration as Savannah River (SR) centrifugal contactors 
now in use for first-cycle solvent extraction of production-reactor fuels. 
In this design, a hollow cylindrical rotor (attached to a shaft that 
penetrates the top of the contactor) spins inside a cylindrical stator 
(i.e., casing). A mixing paddle, mounted on the same shaft as the rotor, 
spins inside a mixing chamber below the rotor. Organic and inorganic 
streams enter at the bottom of this chamber. The mixing paddle also acts 
as a pump, and the mixed phases pass through a nozzle into the bottom of 
the rotor. The two phases are separated by centrifugal force as the mixture 
flows upward through the rotor. The separated phases are discharged over 
weirs and through separate ports into collecting rings. The centrifugal 
contactors being studied here, which have small diameters in comparison 
with SR contactors, also have increased bowl lengths and increased operating 
speeds to maintain a relatively high capacity. 

Fabrication of the stainless steel cohtactor (ANL-7735, p. 84) is 
nearlng completion, with only dynamic balancing of the rotor and assembly 
of components still to be done. The stator ID is 4 3/4 in.; the hollow 
rotor has a 4-ln. ID, a 0.1-in.-thick wall and a 12-in.-long settling zone. 
The contactor is designed to operate at speeds up to about 3600 rpm and is 
expected to have a capacity of at least 10 gpm. 

This unit is designed to be convertible into an annular mixer unit 
by removing the paddle and mixing chamber. Feed streams then enter through 
the sides of the stator, are mixed by skin friction as the phases flow down 
through the annulus between the rotor and stator, and are separated in the 
manner described above. Such a design is being investigated in anticipation 
that it will offer the advantage of mechanical simplicity in comparison to 
the SR design. 

Pending completion of the stainless steel contactor, some preliminary 
tests were conducted in an annular mixer made of plastic to evaluate perfor
mance characteristics. The sizes of the plastic model and stainless steel 
contactor are approximately the same. Details of the design of the plastic 
unit are shown and described in the previous report in this series, ANL-7755, 
pp. 51-53. Also reported were test results indicating that throughputs of 
0,10 gpm could be obtained at rotor speeds up to o,l650 rpm. Results of mixing 
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power tests suggested that Intensive phase contact is developed in the 

annular space of this contactor. 

A. Phase Mixinp and Separation 

(ANL 7 7 3 r : ' - ' ' ^ : : ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ - ^ ^ ^ • 
h : " ^s^'inltkll "^ployed O.IM HNO3 as the aqueous phase and U trasene 
refined kerosene) as the organic phase. These tests showed that, for flow 
rates of aqueous and organic phases of about 2 gpm each and rotor speeds of 
abou ^SOrrpTphases were well mixed. However, the aqueous output stream 
contained a hi^h'concentration (̂ 25%) of organic phase. Higher rotor speeds 
did not change the extent of contamination. At very low organic phase flow 
rates (<0.5 gpm) and aqueous flow rates between 3 and 4 gpm, the aqueous 
output stream contained between 1.6 and 2.5% organic phase in a test when 
rotor speeds were between 1500 and 2200 rpm. The organic phase output 
stream was uncontamlnated in all tests. 

Several possible explanations for the contamination of the aqueous 
output stream were investigated. Neither overmlxlng nor Inadequate phase 
separation appeared to be a valid cause. Although mixing power input in 
the annulus had earlier been shown to be high, it was observed that when 
the rotor was stopped, separation of the mixed phases in the annulus took 
place in less than 30 sec. Accordingly, separation in the rotor should have 
been adequate under a centrifugal force greater than 200 times the force of 
gravity. 

Another possibility was that the emulsion band at the Interface 
between the settled aqueous and organic phases at the top of the rotor was 
too close to the aqueous phase baffle. The position in the rotor of the 
interface was calculated, 13 based on weir dimensions, flow rates, and 
phase densities. The location of the emulsion band was calculated to be 
where desired—between the organic weir and the aqueous phase underflow 
baffle. However, it was thought possible that the Interface was in fact 
too close to the aqueous phase baffle. Since the plastic contactor is not 
equipped with an air-controlled aqueous weir, the emulsion band could be 
shifted toward the organic weir only by increasing the density of the aqueous 
phase. Accordingly, the aqueous phase was made about IM in aluminum nitrate 
(sp gr, 1.136). Neither this change in density nor a further Increase in 
specific gravity to 1.2 had a significant effect on the extent of contami
nation of the aqueous phase output stream with organic phase. 

In view of the above performance, it is presently believed that 
organic phase contamination of the aqueous phase output stream is due to 
leakage through cracks in the weir tube for the organic phase. This tube 
is relatively thin (1/16 in.). Examination showed fine hairline cracks 
that may penetrate the wall and provide a channel for the organic liquid 
under centrifugal stress. Separated organic phase could flow through these 
cracks into the aqueous phase discharge passage. The design of the stainless 
steel unit currently being assembled would preclude this material defect. 
Since most of the goals sought by operation of the plastic unit were reached 
no further runs with the plastic contactor are planned. Additional testing 
of the annular mixing concept will be made in the stainless steel contactor. 
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